The study investigated the extension of rhyme awareness to disyllabic stimuli. Three experiments are reported which examine the disyllabic rhyme production skills of adults and of children in their first, second or third year of schooling. Stress pattern and phonological rime and superrime neighbourhood density were manipulated. Rhyming skills were influenced by stress pattern. With initial stress, rhyming responses were based predominantly on the superrime but with final stress, rhyming responses variously shared the superrime, the final syllable and the final rime unit with the target. Neighbourhood density affected the likelihood of production of a real word rhyming response. Some implications for the organisation of an orthographic lexicon of multisyllables are discussed.
INTRODUCTION
A striking feature of existing research on sensitivity to rime units is a reliance on the use of monosyllabic stimuli. Our interest is in exploring how well the link between rhyme and reading generalises from monosyllabic to multisyllabic words. Goswami and Bryant's (1990) original proposal was built on the concordance between rhyme and the rime unit in monosyllabic words (e.g. beak-peak). In poetry, this 'masculine' type of rhyme is distinguished from the 'feminine' rhyme (e.g. rocket-pocket) which occurs in disyllabic words (Leech, 1969) . This suggests that multisyllabic rhyme can span syllables and raises interesting questions about the internal structure of multisyllabic words. Treiman (1992) expresses the standard 'hierarchical' model in which there is a division into individual syllables, each containing an onset and a rime (see Figure 1 (a)). However, a feminine rhyme such as rocket-pocket seems to imply an alternative division into an onset and a "remainder". This point was made by Davis (1989) on the basis of an analysis of speech errors.
He argued that monosyllabic spoonerisms which appear to demonstrate the cohesiveness of the rime unit (e.g. if the fap kits for if the cap fits) are more plausibly interpreted as evidence for an onset plus remainder split if multisyllabic examples are also considered (e.g. heft lemisphere for left hemisphere).
--- Figure 1 about here --- Berg (1989) has offered an alternative description which accommodates both onsetremainder and onset-rime structure. Berg introduces a higher order unit corresponding to the remainder which he calls the "superrime". According to his account, the hierarchical structure of a disyllable is headed by an onset and a superrime (see Figure 1(b) ). The superrime itself can be split into a rime and a syllable which retains its internal onset-rime structure. Experimental evidence provided by Treiman, Fowler, Gross, Berch and Weatherston (1995) is more compatible with this view than with the single onset-remainder split proposed by Davis (1989) .
Adult performance in a sound substitution game was sensitive to onset-rime structure within the stressed medial syllable of trisyllables and in the final syllable of disyllables. Treiman et al. (1995) also observed an interaction between stress pattern and syllable structure which indicated that the onsets of stressed syllables were particularly salient. Related evidence is available from poetry where the influence of stress pattern is apparent in the general definition of rhyme presented by Leech (1969) . He states that rhyming words of any size share everything after the onset of the stressed syllable and gives the polysyllabic examples "civilitymobility" and "stationary-inflationary" as illustrations 2 . Clearly, an initial onset-plus-remainder split need not be implied by all multisyllabic rhymes. Berg (1989) reinforces this point by suggesting that unstressed initial syllables may be treated as a 'phonological appendix' to an onset-rime (disyllable) or onset-superrime (polysyllable) division (see Figure 2 ).
--- Figure 2 about here ---These linguistic arguments suggest that the relationship between rhyme and reading may be much less straightforward for disyllables than it is for monosyllables. The difficulty is to determine what constitutes an awareness of rhyme in the context of multisyllables. To date, rather few empirical studies of this issue have been reported. Gipstein, Brady and Fowler (2000) tested children's phonological sensitivity in matching disyllabic words and reported greater accuracy for word-pairs like "mountain-fountain" and "station-lotion" than for pairs such as "melon-wagon". These results suggest that superrime or syllabic units may be more salient than rime units in disyllabic words. However, the matching task is known to be sensitive to the phonemic length of shared units and it is very possible that performance is determined by global similarity rather than linguistic structure (Content, 1985; Morais, 1991; Treiman & Zukowski, 1996; Gipstein et al., 2000) . For this reason, another task, the rhyme production task, was chosen as the means of investigating disyllabic rhyming skill in the present study. This task has the Disyllabic Rhyming and Reading Skills 5 additional advantage of mimicking spontaneous language play. A longitudinal study of this phenomenon by Inkelas (2003) documented one child's spontaneous monosyllabic and polysyllabic rhyme productions. In the early stages of the game, when the child was 2 years old, disyllabic rhyme was based on the superrime unit if primary (and sole) stress fell on the initial syllable but, if the final syllable received either primary or secondary stress, rhyme was based on the final rime unit. By age 4, disyllabic rhyme was only based on the final rime unit if the final syllable received primary stress. Inkelas attributed this sequence to early exposure to storybook rhyme patterns followed by the increasing influence of linguistic rhyme. As mispronunciation errors were observed to decrease during this period, the change in rhyming behaviour could also reflect the maturation of the child's phonological representations for polysyllabic words.
In summary, competing predictions may be made about the outcome of the disyllabic rhyme production task. One possibility is that, just as monosyllabic rhyme is held to reflect the accessibility of the rime unit within the syllable (Treiman, 1987; Goswami & Bryant, 1990) , disyllabic rhyme may reflect the internal structure of disyllabic words. The two accounts of disyllabic word structure illustrated in Figure 1 differ in terms of the units that are thought to be most accessible. Thus, disyllabic rhyme might be mediated by either (1) the superrime unit in initial stress disyllables and the final rime unit in final stress disyllables (Berg, 1989) , or (2) the final syllable regardless of stress pattern (Treiman, 1992 ).
An alternative possibility is that rhyme, whether monosyllabic or disyllabic, reflects patterns of similarity across words rather than the necessary representation of the rime or other structures as individual processing units. Monosyllabic rime effects in speech processing and reading have been simulated in several connectionist models by treating such patterns as emergent features of coding across smaller level representations (Seidenberg & McClelland, 1989; Dell, Juliano & Govindjee, 1993; Plaut, McClelland, Seidenberg & Patterson, 1996; Zorzi, Houghton & Butterworth, 1998) . This view treats rhyming effects as probabilistic outcomes which are dependent on the representations of other similar words in the vocabulary (Sevald & Dell, 1994) . Thus, the final option to be considered is that the contents of the phonological lexicon will determine rhyming similarity between disyllabic words. Whether disyllabic rhyme is mediated by a superrime, a syllable or a rime may depend on the number of phonological neighbours which share a superrime, syllable or a rime with the target.
EXPERIMENT 1:
DISYLLABIC RHYME PRODUCTION
The first experiment was a preliminary investigation of the structures underlying rhyming responses to disyllabic words by children and adults. Stress pattern was manipulated in the light of the linguistic arguments about the importance of this factor in multisyllabic rhyming.
Method

Participants
The participants were the Primary 1 and 2 children from a school situated in a middle-class area of Dundee in Scotland. An adult group of 3 rd year Psychology students from Dundee University also participated. Group chronological ages and receptive vocabulary scores as measured by the British Picture Vocabulary Test (B.P.V.S.) can be inspected in Table 1 .
--- Table 1 about here ---
Materials
Using the Carroll, Davies and Richman (1971) frequency count based on children's reading materials, two matched lists were compiled, one containing 10 initial stress disyllabic words (Mean Frequency = 66; SD = 118) and the other containing 10 final stress disyllabic words (Mean Frequency = 74; SD = 158). By searching the CELEX database (Baayen, Piepenbrock & Gulikers, 1995) , phonological neighbourhood sizes were calculated for each list based on the number of superrime, syllable or rime neighbours amongst disyllabic words with a similar stress pattern. Inspection of Table 2 reveals that for each list the pattern was the same (superrime neighbours < syllable neighbours < rime neighbours) although the number of such neighbours was consistently higher for initial than for final stress items.
Two lists of 10 monosyllabic stimuli equivalent in terms of frequency and number of rime neighbours were prepared to form the introductory session in each condition.
--- Table 2 about here ---
Procedure
Using a repeated-measures design, each participant was asked to provide a rhyming response to sets of orally presented target words (e.g. "What rhymes with 'run'?"). There were two experimental sessions each containing a set of 10 monosyllabic stimuli followed by a set of 10 disyllabic stimuli (see Appendix A). Monosyllabic examples were used to explain the task together with two practice items and provision of feedback. At the transition to the disyllabic stimuli, the participants were told that the next words would be longer but no examples of disyllabic rhymes were provided and no feedback was given. The disyllabic words were stressed on either the initial or the final syllable. These items were blocked by stress pattern to minimize any interference between the two types of lexical stress but the order of the blocks was counterbalanced.
There were minor alterations in procedure to accommodate the different age levels. For the younger Primary 1 and 2 groups there was a short introduction during which the experimenter recited a nursery rhyme with each child and emphasised the rhyming words. The adults completed the experiment in a single session consisting of a set of monosyllables followed by the two (counterbalanced) sets of disyllables.
Results
Monosyllabic Rhyme Production
The mean group accuracy scores show that the adults performed close to ceiling at monosyllabic rhyme production (Mean = 91.43%; SD = 11.08%). The children scored less well but performance almost doubled between Primary 1 (Mean = 37.60%; SD = 38.00%) and Primary 2 Newman-Keuls tests (α = .05 throughout) revealed that the accuracy of the Primary 1 group was significantly lower than that of the other two groups in both analyses. The Primary 2 and Adult groups only differed in the analysis by items.
Disyllabic Rhyme Production
As already noted, the identification of what constitutes an acceptable rhyming response to a disyllable is somewhat ambiguous. On the basis of the literature on word structure reviewed in the Introduction, it seemed that at least three types of responses might be predicted: (1) a shared final rime; (2) a shared final syllable; and (3) a shared superrime. These were the responses that we looked for first by calculating the percentage of each type for each participant (see Table 3 for group means and standard deviations).
--- 
Further analysis of responses
To explore the impact of vocabulary on performance, the number of real word rhyming responses was calculated for both the monosyllabic and disyllabic conditions. Production of real word rhyming responses was subject to a Group by Condition interaction (F1(4, 128) = 6.48, p < .001, η p 2 = .17; F2(4, 54) = 9.95, p < .001, η p 2 = .42). Newman-Keuls tests indicated that adults produced the most real word responses in each condition and the Primary 2 group exceeded Primary 1 for monosyllables but not for disyllables (see Table 4 ). Lexical stress did not affect the adults' tendency to produce real words but the Primary 1 and 2 groups both produced significantly fewer real words in response to final stress disyllables.
--- Table 4 about here ---Finally, a classification of the "other" responses revealed effects of age and of lexical stress. With initial stress, the younger children produced some responses that were not based on a shared sound (e.g. tumble→handstand) but this tendency appeared to decrease with age (16% in Primary 1, 7% in the Primary 2). Alliterative responses (e.g. mutter→madly) were also frequent amongst the Primary 1 group (8%), consistent with the special status of initial phonemes in early reading (Duncan et al., 1997) . However, refusals seemed more common than alliterative responses for the Primary 2 and adult groups (3% for both). In the final stress condition, refusals predominated for all three groups (Primary 1 = 15%; Primary 2 = 8%; Adults = 7%). Responses not based on a shared sound were again frequent amongst the Primary 1 group (14%), whereas responses that retained the initial syllable but altered the onset of the final stressed syllable (e.g. decline→design) appeared more frequent amongst the Primary 2 (6%) and Adult groups (3%).
EXPERIMENT 2: NON-LEXICAL RHYME PRODUCTION
In Experiment 1, the children were less likely to produce word responses in the final stress condition. One possibility is that the use of real word stimuli may have biased performance by creating the impression that rhyming responses must also be real words so that the results could to some extent reflect difficulties in locating word responses. A non-lexical version of the rhyme production task was constructed in order to examine this issue further.
Method
Participants
An older group of children (Primary 3) were selected as participants in order to examine a higher vocabulary level than in Experiment 1. They were split into two groups of 11 matched on mean chronological age (Group 1: 8;1 (SD = 4 months); Group 2: 8;2 (SD = 2 months) and mean standardised B.P.V.S. score 3 (Group 1: 98 (SD = 8); Group 2: 101 (SD = 6)).
Materials
Two matched lists were compiled, one containing 10 initial stress disyllabic nonwords and the other containing 10 final stress disyllabic nonwords. In each case the disyllabic nonwords were formed by recombining syllables (maintaining word position) from real words with the appropriate stress (e.g. picture + corner → picner; marquee + forbid → marbid). In addition, the two lists of 10 monosyllabic stimuli from the previous experiment were converted into nonwords by altering the onset of each word (see Appendix B).
Procedure
The target nonwords were presented orally with careful attention to stress pattern for the disyllables. In response to time restrictions, Group 1 was presented with the initial stress items and Group 2 with the final stress items (an independent measures design). Each experimental session contained a set of 10 monosyllabic stimuli followed by a set of 10 disyllabic stimuli.
Two monosyllabic practice examples were used to explain the task during which time the experimenter emphasised that made-up words were acceptable responses. At the transition to the disyllabic stimuli, the participants were told that the next words would be longer but no examples of disyllabic rhymes were provided and there was no feedback on the practice item.
Results
Monosyllabic Rhyme Production
Both groups showed a ceiling effect in monosyllabic rhyme production (Group 1: 98% (SD=4);
Group 2: 95% (SD=7)) and appeared matched on rhyming skill.
--- Table 5 about here ---
Disyllabic Rhyme Production
The group means and standard deviations for disyllabic nonwords can be inspected in Table 5 .
Of the three categories of response identified in the previous experiment, only rhymes based on superrimes were produced for initial stress nonwords. However, for final stress nonwords, analyses of variance indicated that there was no difference in the incidence of superrime, final 
Response Lexicality
Our method of item construction had the effect of presenting the children with nonwords which had very few real word superrime neighbours. This did not affect the clear preference for superrime responses to initial stress targets but did influence the number of real word responses.
For monosyllabic nonwords having many real word neighbours, approximately 79% of rhyming responses were real words. For disyllabic nonwords, by contrast, the real words constituted only 16% and 19% of rhyming responses for initial and final stress respectively.
Discussion of Experiments 1 and 2
The first part of each experiment established that the participants understood the task and could produce rhymes in response to monosyllables. In Experiment 1, the Primary 1 group was least accurate, but, by Primary 2, child and adult levels of performance were becoming difficult to distinguish. These results are consistent with numerous reports that monosyllabic rhyming skills are established early in development (Goswami & Bryant, 1990) .
Our main interest focused on the types of rhymes that were produced in response to disyllabic stimuli. A hierarchical account of multisyllabic word structure (see Figure 1(a)) suggests that syllables may be important in determining sound similarities between disyllabic words. On the other hand, disyllabic rhyme, like monosyllabic rhyme, may be based on those neighbours in the phonological lexicon with a shared rime unit. In the event, rhyming responses to initial stress disyllables in Experiments 1 and 2 were overwhelmingly based on the unit that Berg (1989) EXPERIMENT 3:
PHONOLOGICAL NEIGHBOURHOOD DENSITY
The third experiment was conducted with the aim of clarifying the effect of phonological neighbourhood density on disyllabic rhyme production. De Cara and Goswami (2002 Goswami ( , 2003 investigated the importance of phonological rime neighbourhood density in determining children's phonological awareness. By conducting a classification of 4086 of the English monosyllables in the CELEX database (Baayen et al., 1995) , they were able to demonstrate that phonological neighbours sharing a rime were more common than those sharing initial and final consonants or initial consonant(s) and vowels. They stratified the database according to whether rime neighbourhoods were dense or sparse and, in their 2003 paper, used an oddity task to compare responses to dense rime neighbourhoods, containing on average 20 rime neighbours, and sparse rime neighbourhoods, containing on average 8 rime neighbours. The outcome gave some support for their proposal that dense neighbourhoods should facilitate 5-year-old children's rime judgements. However, this support was limited to children with high receptive vocabulary and was found only in certain conditions. The effect was significant in the coda condition (meat, seat, weak) but marginal in the rime condition (fit, hit, jack) and nonsignificant in the vowel condition (hot, lot, wait).
On the basis of De Cara and Goswami's proposals regarding monosyllables, Experiment 3 investigates the question of whether phonological superrime neighbourhood density will influence the phonology, lexicality or accuracy of response pattern in the disyllabic rhyme production task.
Method
Participants
The participants were the Primary 3 class (n=20) from a Scottish school with a middle-class catchment area whose mean chronological age was 7;2 (SD = 3 months) and whose mean standardised B.P.V.S. score was 104 (SD = 10).
Materials
By isolating the disyllabic words in the CELEX database, dividing them into separate lists of initial and final stress items, and then sorting each list by pronunciation starting at the end of the word (as in a rhyming dictionary), it was possible to identify phonological neighbourhoods of words that share a superrime. Although it was beyond the scope of the study to describe these databases statistically, it seemed clear that disyllabic superrime neighbourhoods tended to be smaller in size than the monosyllabic rime neighbourhoods reported by De Cara and Goswami (2002, 2003) . This was particularly true for the final stress items where it proved impossible to manipulate superrime neighbourhood density (SND) as the neighbourhoods rarely contained more than three items. In the end, three lists of 10 nonword stimuli were formed based on: (1) initial stress disyllables from dense superrime neighbourhoods (mean SND = 9); (2) initial stress disyllables from sparse superrime neighbourhoods (mean SND = 2); and (3) final stress disyllables from sparse superrime neighbourhoods (mean SND = 2). The nonwords in each list were constructed by combining the same set of onsets with the different types of superrime (see Appendix C). Item familiarity for Primary 3 children was taken into account and the average frequency of the base disyllables (Carroll et al., 1971) was matched across the three lists. Each list of disyllables was presented on a separate occasion and each list was introduced by a set of 5 monosyllabic stimuli. This enabled a manipulation of monosyllabic rime neighbourhood density using a subset of the stimuli constructed by De Cara and Goswami (2003) .
Procedure
The procedure was identical to that of Experiment 2 except that the design was repeated measures. The order of presentation of the three lists was counterbalanced amongst the participants.
Results
Monosyllabic Rhyme Production
The results in Table 6 (a) confirm that accuracy in monosyllabic rhyme production is well established by Primary 3. No further analyses were conducted as results were too close to ceiling to allow evaluation of any effects of phonological rime neighbourhood density.
--- Table 6 about here --- Newman-Keuls tests showed that both results reflected a distinction between initial and final stress conditions with no significant effect of phonological superrime neighbourhood density for the initial stress items.
Disyllabic Rhyme Production
Further analysis of responses
The number of word responses in each condition can be inspected in F2(2, 27) = 4.43, p < .05, η p 2 = .25) which Newman-Keuls tests showed to reflect the higher number of word responses in the initial stress dense neighbourhood condition than in the other two sparse neighbourhood conditions. Thus, the number of word responses appeared to vary as a function of differences in superrime neighbourhood size rather than differences in lexical stress.
Responses such as /d pe r /→/l ve r/, which preserve the rime units from both syllables of the target, were more common in the final stress condition (11%) than in the initial stress conditions (dense = 6%; sparse = 3%). This difference was significant by participants (F(2, 38) = 5.32, p < .05, η p 2 = .22) and marginal by items (F(2, 27)= 2.62, p = .09) and supports the involvement of onset-rime structures in the individual syllables of final stress disyllables. The responses also indicate the possibility of substituting a word-internal onset when it is stressed, in agreement with the suggestion that stressed onsets have a special status in speech perception in English (Cutler, 1989; Cutler & Butterfield, 1992 ).
--- Table 7 about here ---
Discussion
Experiment 3 replicated the pattern found in Experiments 1 and 2 with a 7-year-old group.
Rhyme production was based almost exclusively on the superrime for initial stress disyllables, but final stress disyllables generated a more variable pattern including more final syllable and final rime responses. The manipulation of superrime neighbourhood density confirmed that these results reflected the lexical stress of the disyllables since responses to initial and final stress items from equally sparse superrime neighbourhoods differed.
Our failure to detect any effect of superrime neighbourhood density amongst the initial stress items may, however, have been caused by the high performance levels in the initial stress conditions. Instead, the main observable effect of phonological superrime density was on the likelihood that children would produce a lexical response in the rhyme production task. Rhyming responses were more likely to be words when the target item came from a dense rime or superrime neighbourhood than when the target came from a sparse neighbourhood.
GENERAL DISCUSSION
There has been an important emphasis in research on literacy acquisition in English on the role of rhyming skill as a basis for word learning and the organisation of the orthographic lexicon (Goswami & Bryant, 1990; Goswami, 1993 ). The empirical basis of these proposals has been drawn almost exclusively from studies of monosyllables which are numerous in English and which predominate in beginning reading vocabularies. It has remained unclear whether similar principles apply to the learning of multisyllables. This is partly because the definition of what constitutes a rhyme is less clear for multisyllables than it is for monosyllables. By presenting disyllabic words in our experiments, we have made a preliminary investigation of the nature of disyllabic rhyming and the possible links with reading.
Experiments 1 and 2 examined the internal linguistic structure of disyllabic words by assessing the sources of phonological similarity underlying responses in the rhyme production task. The results with lexical and nonlexical stimuli indicated that the nature of rhyme in disyllabic words alters with stress pattern. For disyllables with initial stress, a clear preference emerged for rhymes based on the superrime. Rhyme was more variable, however, with final stress and could be based on the superrime, the final syllable or the final rime unit.
Experiment 3 manipulated superrime neighbourhood density in order to determine the effects on rhyme production and its potential as an explanation of the effect of lexical stress found in Experiments 1 and 2. In the event, the results indicated that it was indeed lexical stress and not superrime neighbourhood density which determined the differential pattern of response.
Initial stress disyllables from dense and sparse superrime neighbourhoods evoked the same degree of preference for superrime based rhyming responses. Furthermore, qualitatively different response patterns were observed between initial and final stress disyllables from equally sparse superrime neighbourhoods.
The analysis of the lexicality of the responses indicated that neighbourhood density had its primary effect on the probability that the response produced in the rhyming task would be a real word. It is of interest that superrime neighbourhoods are, in general, less well populated than monosyllabic rime neighbourhoods, and also that these neighbourhoods are more sparse for final than for initial stress disyllables. Davis's (1989) proposal that words are divided into an onset and a remainder receives only partial support from these results because of the interaction between rhyme production and stress pattern. Instead, it is Berg's (1989) account of syllable structure which seems better able to accommodate our findings. Berg suggests that rhyme is determined by the unit that follows the stressed onset in a word. In initial stress disyllables, this corresponds to the superrime and the involvement of this unit in rhyme production is borne out by our results. With final stress, Berg maintains that the initial unstressed syllable is treated as a phonological appendix and that rhyme is based on the rime of the second syllable. This account is partially supported by the increase in final rime based responses for items with second syllable stress. However, the responses were not exclusively rime-based and some other formulation is needed to accommodate this variability.
When Berg (1989) extended his investigation of word structure to include evidence from speech errors, he also encountered a more variable picture, particularly for words with non-initial stress. Despite the scarcity of relevant exemplars due to the predominance of word initial stress in German, it was clear that slips of the tongue which were consistent with the treatment of the unstressed initial syllable as a phonological appendix co-occurred with examples which suggested that the unstressed initial syllable was divisible after the onset 4 . This contrasted with the clear-cut findings from poetic rhyme in which only the former pattern was evident. It seems probable that in studying a poet's use of rhyme, Berg had been recording an instance of a more considered and rule-based process than is typical of speech error production or of the rhyme generation exhibited by the 'novice' rhymers in our study. These latter types of variability in psychological behaviour are not easily accommodated in the hierarchical structure diagrams of theoretical linguistics (Berg, 1989) .
Why variability should be more strongly associated with final than initial stress rhyme remains unclear. However, it seems probable that this finding is related to the greater salience of final syllables and rimes in final stress disyllables. Studies of speech perception suggest that, in English, stressed syllables function as cues to word boundaries in continuous speech due to the predominance of initial stress (Cutler, 1989; Cutler & Butterfield, 1992) . As a result, final stress disyllables, even in isolation, appear to trigger segmentations prior to the final syllable which can interfere with the integration of information across syllables (Cutler & Norris, 1988) .
Developmental data indicates that this may have the effect of clarifying syllable boundaries in English disyllables with final stress (Duncan, Colé, Seymour & Magnan, in press ). Thus, the ideas that final stressed syllables have a strengthened representation in the linguistic system (Lewis, Antone & Johnson, 1999) and that they may be a basis for lexical access (Grosjean & Gee, 1987) are compatible with our observation of an increase in syllable based rhyming responses. As onset-rime structure is thought to be more accessible when a syllable receives emphasis (Sebastiàn-Gallés, Dupoux, Seguí, & Mehler, 1992; Gipstein et al., 2000) , this may explain the parallel increase in rhyming responses based on the rime within the final stressed syllable.
Our motivation in conducting the present study was to begin to extend work based on rhyme and the rime unit from the monosyllabic to the disyllabic domain. The outcome of our investigations of rhyme production suggests that disyllabic rhyme is considerably more complex than monosyllabic rhyme. The consequent implications for reading development are clearly a matter of interest which deserve further investigation. As already noted, there is good evidence that the orthographic lexicon of English monosyllables may develop towards an onset-rime organisation (Treiman et al., 1990; Leslie & Calhoon, 1995; Bowey & Underwood, 1996) . Rime frequency effects are typically reported in monosyllabic decoding tasks (Treiman et al., 1990; Laxon et al., 1991; . One view is that early rhyming skills promote an organization in the orthographic lexicon based on the rime unit (Goswami & Bryant, 1990; Goswami, 1993 ). According to Goswami (1993) , "orthographic analysis is founded in phonological skills" with rhyming skill playing an early and formative role. How might this view adapt to the disyllabic domain? The data from the experiments in the present study show a strong commitment to a phonological structure composed of onset plus superrime for disyllabic words with initial stress. This suggests that if children derive the common spelling patterns from rhyming categories of disyllabic words, it is orthographic units at the level of the superrime that will be represented.
If the organisation of the disyllabic orthographic lexicon is based on the onset-superrime structure, then superrime frequency effects should be observed in disyllabic reading to parallel the rime frequency effects in monosyllabic reading. Goswami and colleagues investigated this possibility by contrasting orthographic superrimes from one or more words in the lexicon with alternative phonologically equivalent spellings which do not occur (e.g. bomic vs. bommick).
They found speed and accuracy advantages for the orthographically familiar nonwords for groups with reading ages of 7 years and above (Goswami, Gombert & de Barrera, 1998) . We have also carried out some pilot studies with 7-and 8-year-old children in which superrime frequency was varied (mean number of orthographic superrime neighbours: 8 vs. 1) but have so far failed to find evidence of superrime frequency effects.
If superrime frequency effects turn out to be elusive in future studies of nonword decoding, the implication may be that disyllabic reading is not after all dependent on phonological rhyming skill. Superrime neighbours tend to be lower in frequency than rhyming monosyllables and superrime neighbourhoods appear generally sparser than rime neighbourhoods. Furthermore, an organisation based on the onset-superrime structure appears appropriate for initial stress disyllables, which predominate in English (approximately 83% of disyllables), but will fit less well with final stress disyllables which, according to our results, have a more variable or ambiguous representation. Together these factors may make the emergence of an orthographic structure related to rhyme less likely for multisyllabic than monosyllabic words.
Alternatively, it may be that the emergence of an orthographic organisation based around the rime unit for monosyllables derives from the level of pronunciation regularity shown to be associated with the orthographic rime unit by Treiman, Mullennix, Bijeljac-Babic and Richmond-Welty (1995) . Thus, rather than phonological skills being the driving force behind the organisation of the orthographic lexicon, it may be that the salience of the rime unit in reading monosyllables is due in large part to the nature of the English orthography .
If so, features of the orthography that assist in the pronunciation of disyllables may gradually come to prominence as reading skills develop.
Several studies have addressed this issue directly by examining both orthographic and morphographic cues that may enable children to resolve the complexities of stress assignment and vowel reduction that arise in decoding beyond the monosyllable. Kelly, Morris and Verrekia (1998) demonstrated that skilled readers have acquired knowledge about the orthographic correlates of lexical stress. For example, the unit -que is associated with final stress in disyllabic words whereas -eau is associated with initial stress. In Kelly et al.'s investigations, adults were sensitive to these patterns in naming and lexical decision tasks, faring better with stress assignment when spellings were consistent with stress pattern. Duncan and Seymour (2003) produced some preliminary corroborative evidence by showing that children's stress assignment to multisyllabic nonwords did not follow a default homogeneous pattern but appeared sensitive to the orthographic structures contained in the nonwords.
In one of the first attempts to model disyllabic reading, Rastle and Coltheart (2000) incorporated rules based on such orthographic structures to form a new version of Dual-Route theory. They also incorporated the morphographic cues to lexical stress, vowel reduction and pronunciation that are provided by derivational affixes. Simulations of disyllabic nonword pronunciation using this algorithm showed 85-90% agreement with skilled readers. Furthermore, Rastle and Coltheart were able to show an effect of stress regularity as defined by the stress assignment rules associated with prefixes and stress-taking suffixes. Irregularly stressed words (e.g. "abject") whose structures were inconsistent or opaque with regard to such clues were more difficult to pronounce.
Further studies of the English orthography are needed to compare the utility of orthographic rimes, superrimes, syllables and, additionally, morphemes in polysyllabic word reading in order to clarify how children learn to decode complex words and how best to assist them in this process. Treiman, R. (1992) . It is interesting to note that Leech's (1969) definition of rhyme was not constrained by word boundaries. He defined a 'rhythmic measure' which comprises everything "from the onset of one stressed syllable to the onset of the next (p.91)". This allows for the possibility of poetic rhymes which span words (e.g. save you-gave you).
3
Three participants in Group 2 were absent when BPVS scores were assessed.
4
Examples from (Berg, 1989) : /slavo :n ʃ/-/kro:ɑ :t ʃ/ → /slavɑ :t ʃ/ and /ki:ne :zən/-/gəza ntən/ → /kəza ntən/. 
Appendix A
